The U.S. Geological Survey (USGS) is committed to providing the Nation with accurate and timely scientific information that helps enhance and protect the overall quality of life and that facilitates effective management of water, biological, energy, and mineral resources (http://www.usgs.gov/). Information on the quality of the Nation's water resources is critical to assuring the long-term availability of water that is safe for drinking and recreation and suitable for industry, irrigation, and habitat for fish and wildlife. Population growth and increasing demands for multiple water uses make water availability, now measured in terms of quantity and quality, even more essential to the long-term sustainability of our communities and ecosystems.
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Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:°F =(1.8×°C)+32
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Abstract
The carbonate-rock aquifer of the Great Basin is named for the thick sequence of Paleozoic limestone and dolomite with lesser amounts of shale, sandstone, and quartzite. It lies primarily in the eastern half of the Great Basin and includes areas of eastern Nevada and western Utah as well as the Death Valley area of California and small parts of Arizona and Idaho. The carbonate-rock aquifer is contained within the Basin and Range principal aquifers, one of 16 principal aquifers selected for study by the U.S. Geological Survey's National WaterQuality Assessment Program.
Water samples from 30 ground-water sites (20 in Nevada and 10 in Utah) were collected in the summer of 2003 and analyzed for major anions and cations, nutrients, trace elements, dissolved organic carbon, volatile organic compounds (VOCs), pesticides, radon, and microbiology. Water samples from selected sites also were analyzed for the isotopes oxygen-18, deuterium, and tritium to determine recharge sources and the occurrence of water recharged since the early 1950s.
Primary drinking-water standards were exceeded for several inorganic constituents in 30 water samples from the carbonate-rock aquifer. The maximum contaminant level was exceeded for concentrations of dissolved antimony (6 µg/L) in one sample, arsenic (10 µg/L) in eleven samples, and thallium (2 µg/L) in one sample. Secondary drinking-water regulations were exceeded for several inorganic constituents in water samples: chloride (250 mg/L) in five samples, fluoride (2 mg/L) in two samples, iron (0.3 mg/L) in four samples, manganese (0.05 mg/L) in one sample, sulfate (250 mg/L) in three samples, and total dissolved solids (500 mg/L) in seven samples.
Six different pesticides or metabolites were detected at very low concentrations in the 30 water samples. The lack of VOC detections in water sampled from most of the sites is evidence that VOCs are not common in the carbonate-rock aquifer. Arsenic values for water range from 0.7 to 45.7 µg/L, with a median value of 9.6 µg/L. Factors affecting arsenic concentration in the carbonate-rock aquifer in addition to geothermal heating are its natural occurrence in the aquifer material and time of travel along the flow path.
Most of the chemical analyses, especially for VOCs and nutrients, indicate little, if any, effect of overlying landuse patterns on ground-water quality. The water quality in recharge areas for the aquifer where human activities are more intense may be affected by urban and/or agricultural land uses as evidenced by pesticide detections. The proximity of the carbonate-rock aquifer at these sites to the land surface and the potential for local recharge to occur through the fractured rock likely results in the occurrence of these and other land-surface related contaminants in the ground water. Water from sites sampled near outcrops of carbonate-rock aquifer likely has a much shorter residence time resulting in a potential for detection of anthropogenic or land-surface related compounds. Sites located in discharge areas of the flow systems or wells that are completed at a great depth below the land surface generally show no effects of land-use activities on water quality. Flow
Introduction
In the Great Basin, a thick sequence of Paleozoic limestone and dolomite with lesser amounts of shale, sandstone, and quartzite forms a carbonate-rock aquifer. It lies primarily in the eastern half of the Great Basin and includes areas of eastern Nevada and western Utah, as well as the Death Valley area of California and small parts of Arizona and Idaho. The carbonate-rock aquifer of Nevada and Utah covers approximately 92,000 mi 2 of the Great Basin and is one of the larger regional aquifer systems in the country. Unlike other large regional aquifers, this aquifer is composed of several flow systems that integrate ground-water flow across multiple topographic basins. These aquifers generally are recharged in higher-altitude mountains and basins and discharge to large springs, usually associated with faults in lower-altitude basins. Few wells currently withdraw water from the carbonate-rock aquifer because of the great depth to the aquifer from land surface in many areas.
Although population density within the area overlying the carbonate-rock aquifer is generally low, the potential for increased use exists with two of the fastest growing cities in the western part of the United States located within or near the carbonate-rock aquifer borders (Las Vegas and Salt Lake City). From 1990 to 2000, the population in the western states increased by 10.4 million people, an increase of 19.7 percent (Perry and Mackun, 2001) . The metropolitan areas of Las Vegas and Salt Lake City grew in population by about 83 and 40 percent, respectively. Increased use of ground water from this regional system is expected in the next few years because the anticipated large influx of new residents will require addi-tional sources of drinking water. Increased use of the resource and changing land-use patterns may contribute to changes in the quality of water in the carbonate-rock aquifer.
Large quantities of ground water are stored in the carbonate-rock aquifer. The large aerial extent of the various flow systems, coupled with the substantial thickness of the carbonate section, could supply a vast quantity of ground water. Dettinger and others (1995, p. 71 ) estimated the volume of stored water in the carbonate-rock aquifer in southern Nevada to be on the order of 800 million acre-ft. Withdrawal of this water for municipal use may have adverse effects on the water availability of current users and affect ecological habitats associated with natural discharge from the aquifer system. More hydrologic, as well as chemical, information is needed on the carbonate-rock aquifer to better understand these effects.
The carbonate-rock aquifer is contained within the Basin and Range principal aquifers, one of 16 principal aquifers selected for study by the U.S. Geological Survey's (USGS) National Water-Quality Assessment (NAWQA) Program. Water withdrawn from these 16 principal aquifers accounted for about 74 percent of the drinking water consumed in the Nation in 1990. The carbonate-rock aquifer was studied as part of the NAWQA program to assess its water quality and is part of the water-quality assessment of the Basin and Range principal aquifers.
Purpose and Scope
One of the purposes of the NAWQA Program is to describe the status of water quality in large, representative areas of the Nation's surface-water and ground-water resources and to provide a sound, scientific understanding of the primary natural and human factors affecting the quality of these resources (Gilliom and others, 1995) .
The purpose of this report is to document the groundwater quality in the carbonate-rock aquifer of the Great Basin and describe how it relates to U.S. Environmental Protection Agency (USEPA) drinking-water standards. Water samples from 30 sites (20 in Nevada and 10 in Utah) were collected in the summer of 2003 and analyzed for major anions and cations, nutrients, trace elements, dissolved organic carbon (DOC), volatile organic compounds (VOCs), pesticides, radon, and microbiology. Water samples from selected sites also were analyzed for the isotopes of water [oxygen-18 ( 18 O), deuterium ( 2 H), and tritium ( 3 H)] to determine recharge sources and the occurrence of water recharged since the early 1950s.
The scope of this report includes presenting the waterquality dataset and relating the data to the ground-water flow systems documented in previous studies and the potential effects of overlying land use. It also includes comparative analyses from previous studies to view data in a regional context. particular help were Stephen Acheampong and Jeff Johnson of the Southern Nevada Water Authority who were very interested in helping with the success of this project. The authors also thank the many employees of the Carson City and Las Vegas, Nevada, and Salt Lake City, Utah, offices of the USGS who worked long hours and drove countless miles to complete this work. Finally, the drillers with the Western Region Research Drilling Unit in Las Vegas are thanked. Drillers included Bob Roche, Roland Gonzales, Ray McKean, and Steve Crawford; their hard work is greatly appreciated.
Description of Study Area
The Basin and Range physiographic province (Fenneman and Johnson, 1946 ) is a large area in the western United States of mostly internal drainages. The Great Basin is in the northern part of the Basin and Range, and as discussed in this report includes about 140,000 mi 2 , largely in Nevada and Utah ( fig.  1 ). Smaller portions of the Great Basin extend into Arizona, California, Idaho, and Oregon. The Great Basin generally is characterized by parallel north-trending mountain ranges more than 50 mi long separated by broad alluvial basins. Most mountain ranges are 5 to 15 mi wide and offer local vertical relief from the adjoining basins of 1,000 to 5,000 ft. The crests of these mountain ranges are commonly 8,000 to 10,000 ft above sea level and altitudes of the basin floors range from below sea level in Death Valley to about 7,000 ft in central Nevada. The altitudes of most basin floors range from 4,000 to 6,000 ft.
About 260 hydrographic areas or subareas (commonly topographic basins) are recognized within the Great Basin area. Hydrographic areas are basic units used by State and local agencies for water-resources planning and management. They commonly include one topographic basin that contains a basin-fill aquifer. Many of the structural basins are topographically closed; however, others are interconnected by river systems, which terminate in major lakes or sinks. An area in the southeast part of the Great Basin drains to the Colorado River mostly as interbasin ground-water flow with little surfacewater flow (Harrill and Prudic, 1998) .
Although generally arid to semiarid, the climate of the study area is highly variable. The effect of a large range of latitude, the many mountain ranges, and large variations of altitude all play a part in the regions climatic variability. Mean annual precipitation in the valleys ranges from less than 5 in. in the south to about 16 in. in the north (Prudic and others, 1995, p. D7) . Precipitation in the mountains generally ranges from 8 in. to more than 60 in. in some areas. Most of the precipitation occurs during the winter months and mountain snowpacks melt during spring and summer, which is the major component of ground-water recharge. Mean annual temperature ranges from about -1.0°C in some northern valleys to about 60°C in the extreme southern valleys. The wide range between daily maximum and minimum temperatures is one of the characteristics of this area. The daily range exceeds 16°C in most valleys and can exceed 28°C in some valleys (Prudic and others, 1995, p. D9) . The average length of the growing season in the principal areas of agriculture ranges from about 100 to 175 days, but can exceed 200 days in the extreme south. In the higher northern valleys it may be only 30 days. Alfalfa is the primary crop grown in the study area. Humidity in the study area also is generally quite low. This dryness coupled with abundant sunshine and light-to-moderate fairly constant winds causes high rates of evaporation.
Hydrogeology
The Great Basin has had a complex geologic history that includes major episodes of sedimentation, igneous activity, orogenic deformation, and continental rifting. The area experienced tectonic compression during parts of the Paleozoic and Mesozoic Eras resulting in thrusted sequences of carbonate and clastic rocks ranging from about 0 to nearly 30,000-ft thick in eastern Nevada and western Utah. Known as the carbonate-rock province, these marine-deposited rocks underlie the eastern two-thirds of the Great Basin ( fig. 1 ; Harrill and Prudic, 1998, fig. 4 and 5). Tectonic extension in the area began about 17 million years ago and involved normal faulting that resulted in the Basin and Range structure visible today (Stewart, 1980 p. 5) .
The Great Basin of Nevada, Utah, and adjacent states contains two important aquifer systems, one composed of basin-fill aquifers and the other of the carbonate-rock aquifer. The basin-fill aquifers occur within the topographic basins and most are physically separated from each other by mountain ranges composed of consolidated rock. The carbonate-rock aquifer can extend across topographic basins and mountain blocks forming multibasin ground-water flow systems (Eakin, 1966) .
The carbonate-rock aquifer is composed of thick sequences of Paleozoic and Mesozoic limestone and dolomite with lesser amounts of shale, sandstone, and quartzite. Secondary permeability has developed in these aquifers by fracturing, faulting, and to a lesser extent solution enlargement of fractures. Although the aquifer system contains layers of sandstone and quartzite that can be fractured and transmit water readily, it is generally referred to as the carbonate-rock aquifer (Plume and Carlton, 1988 (Dettinger and others, 1995) . Figure 3 shows a representative cross section through the carbonate aquifer in southern Nevada.
Carbonate rocks typically are more permeable than the adjacent volcanic and igneous rocks. This is generally due to secondary permeability developed by dissolution of carbonate minerals along faults, fractures, and bedding planes. Because of these factors, ground water in most cases moves more easily through carbonate rocks. The ability of carbonate rocks to store and transmit water differs throughout the area; transmissivities vary from 13 ft 2 /d in undeformed areas to more than 130,000 ft 2 /d in areas where rocks are intensely deformed and fractured (Thomas and others, 1986; Dettinger and others, 1995) .
Carbonate-rock units can form extensive aquifers that store and transmit large quantities of water along faults and fracture systems that extend through several basins and ranges. Discharge from these regional aquifers is manifested by large springs and in some areas extensive wetlands. Non-carbonate rocks generally are less permeable and can act as barriers to flow and confining units for the carbonate rocks. Basin-fill deposits generally overlie the carbonate-rock units, and in most cases are more permeable than carbonate rocks, and also are capable of storing and transmitting large quantities of ground water. In some places these basin-fill deposits are assumed to be hydraulically connected to adjacent and underlying carbonate rocks, resulting in a continuous flow system bounded by non-carbonate rocks and structural features. Figure 4 shows a generalized hydrogeologic section through a carbonate-rock aquifer and overlying basin-fill deposits.
Based on water-level information and ground-water budgets for individual topographic basins, Harrill and Prudic (1998) identified 17 major ground-water flow systems within the carbonate-rock province ( fig. 5 ). The flow systems within the aquifer each have their own recharge and discharge areas and structural controls, and the water quality within any given flow system can be considerably different from a nearby or adjacent flow system.
Ground-Water Recharge, Flow, and Discharge
Recharge to the carbonate-rock aquifer occurs mostly in the surrounding mountain ranges originating primarily as snow at high altitudes. Water recharging the carbonate rocks in the mountains may travel through or beneath several basins and ranges before reaching a discharge area (fig. 4 ). Some ground water may be discharged in topographically low areas along the flow path. Thus, a carbonate-rock aquifer may contain several discharge areas along the flow path upgradient from the terminal discharge area. Water leaves the carbonate-rock aquifer by evaporating from areas where ground water is near the land surface, transpiring through plants, discharging at springs, leaking into overlying and underlying aquifers, and in a few cases, discharging into rivers or streams.
Evapotranspiration is the largest source of ground-water discharge in the Great Basin (Harrill and Prudic, 1998, p. A25) . A regional ground-water flow model of the carbonate-rock province was constructed as part of the Great Basin Regional Aquifer-System Analysis (RASA) study (Prudic and others, 1995) . Discharge by evapotranspiration was simulated at an estimated 1,213,000 acre-ft/yr. An additional 211,000 acre-ft/yr is estimated to discharge from regional springs, much of which is lost to evaporation. Figure 5 shows the location of major evapotranspiration areas in the carbonate-rock province in relation to this study's sampling sites.
An example of a carbonate-rock aquifer is the Colorado flow system in eastern Nevada. This flow system encompasses 34 hydrographic areas with an overall area of 16,300 mi 2 . Recharge to the flow system occurs as snowmelt from the higher mountain ranges of individual hydrographic areas. During the spring the water seeps into the permeable bedrock or flows off into adjacent valleys where it can seep into the basin-fill deposits. Depending on the location, ground water can stay within basin-fill deposits in the basins or move into the underlying carbonate rock. Ground water within the Colorado flow system generally moves downgradient to one or more discharge areas. Because ground water flows from areas of high head toward areas of lower head at rates that are dependent on the permeability of the aquifer, the path the ground water follows may be circuitous. Ground-water flow also may reach great depths because of the thickness of the carbonate-rock aquifer in some areas. The ultimate discharge area for the Colorado flow system is the Muddy River springs area in southern Nevada (near the Pederson site; fig. 5 ) with an annual discharge of about 36,000 acre-ft/yr (Dettinger and others, 1995, table 8) .
Study Design and Methods
This study was designed to provide an indication of the water-quality conditions in the carbonate-rock aquifer of the Great Basin. The 30 sampling locations consisted of existing wells or springs distributed throughout the area. Ground-water development within the area is not widespread at present because the carbonate-rock aquifer generally is deep below the land surface. However, increasing population growth in both Nevada and Utah, coupled with scarce additional water resources, has made use of the water in the carbonate-rock aquifer more economically feasible.
Site Selection
Sampling locations were selected from existing wells identified from the USGS National Water Information System (NWIS) database or from drillers' logs submitted to State agencies in both Nevada and Utah. Wells that were selected had an open interval within the carbonate-rock aquifer. No preference was given to sampling specific formations within the carbonate-rock sequence; wells in the province are too few to allow any discretion. Selected springs discharging from carbonate-rock aquifer were chosen because of a lack of existing wells in those areas. Sites also were chosen based on their location in regard to the 17 flow systems within the carbonate-rock province. Twenty sites were sampled in Nevada and ten sites were sampled in Utah based on the areal extent of the carbonate-rock aquifer in each state. Although not all of the flow systems were sampled, the sampled sites do provide a reasonable areal distribution across the province. Figure 5 shows the location of the 30 sampling sites and table 1 lists characteristics of the sites sampled for this study. Priorities for sampling wells were based on several criteria: 
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1) the well was completed in the carbonate-rock aquifer, 2) the well had an existing pump or could be pumped with available equipment, 3) the well was reasonably easy to sample and permission to sample could be obtained, and 4) the well fit within a broad spatial distribution of sites across the carbonate-rock province. Based on some of these criteria, the wells chosen were grouped into three types. The first group included wells that had an existing pump. These generally were production wells, such as Army well #1 (table 1) just to the south of the Nevada Test Site (fig. 5 ). The well was completed in 1956 and has provided the water supply for the Nevada Test Site operations since that time. Because the well is fairly old, there are several historical analyses that can give an indication of water-quality changes with time.
The second group includes wells that did not have a dedicated pump. These wells were sampled using a submersible pump installed for sampling. Many of the large-diameter wells sampled for this study were wells drilled by the U.S. Air Force in the early 1980s as part of the MX missile program in Nevada and Utah. These test wells were drilled to assess the availability of water in the carbonate-rock and basin-fill aquifers to support a large missile system. These wells were not drilled in connection with any type of contaminated site remediation and existing inorganic, trace, and isotopic chemical analyses exist from the early 1980s for many of these wells. The MX test wells generally were drilled in areas where depth to water exceeded 500 ft. More information on the MX test wells can be found in Bunch and Harrill (1984) and Tumbusch and Schaefer (1996) .
The third group includes wells and springs that were sampled with portable sampling pumps, and a flowing well that had enough head to move water through the sampling equipment. Well points and screens were placed in spring orifices well below the water surface to isolate the sample from the atmosphere.
Sample Collection
The sites were sampled in accordance with USGS ground-water sampling protocols (Koterba and others, 1995) . All wells were purged of at least three borehole volumes and until the field parameters (temperature, pH, specific conductance, dissolved oxygen, and turbidity) stabilized for five successive measurements made at least five minutes apart. Sampling began as soon as field measurements stabilized. All instrumentation used to collect field data were calibrated daily. Additional information on sample collection procedures can be found at the USGS national field manual site: http://water.usgs.gov/owq/FieldManual/.
The large diameter, deep wells without dedicated pumps were sampled using a 6-in. diameter, 20 horsepower submersible pump set in the well by the USGS Western Region Research Drilling Unit. The pump was lowered into the well Study Design and Methods using 2-in. diameter galvanized pipe with the electrical cable for the pump taped to the outside of the pipe as the pump was lowered. The pump generally was set well below the water surface in cased wells but above any perforations. However, most of the wells sampled had open-hole completions, meaning that the well was only cased to the top of the carbonate rock. For these wells, the pump was installed in the uncased portion open to the carbonate rock. At the surface, the pipe was elbowed away from the well for discharge with a gate valve and a spigot attached as the sampling line. An in-line flow meter was installed to measure discharge. For wells that had an existing pump, the discharge pipe from the pump to the surface was assumed to be made of galvanized steel. A Teflon sampling line was connected, in most cases, to a spigot on the discharge line. The portable pumps used to sample wells and springs were constructed of stainless steel and Teflon and the sampling equipment was connected directly to a Teflon discharge line. Portable pumps were placed well below the water surface in the well but above perforations.
Sample Analysis
Samples collected for this study were analyzed at the USGS National Water-Quality Laboratory (NWQL) for inorganic and organic constituents including major ions, radon, DOC, selected nutrients, trace elements, pesticides and VOCs (appendix 1). Analytical methods used for major ions and trace elements primarily were inductively coupled plasma/ mass spectrometry, atomic adsorption spectrometry, or ion chromatography, and are described in Fishman and Friedman (1989) , Fishman (1993) , and Faires (1993) . Nutrient concentrations were determined by colorimetry (Fishman, 1993; Patton and Truitt, 1992) . DOC was analyzed by using ultraviolet-promoted persulfate oxidation and infrared spectrometry (Brenton and Arnett, 1993) , and radon was analyzed using liquid scintillation (American Society for Testing and Materials, 1996) . Water samples were analyzed for 47 pesticides by using capillary column gas chromatography/mass spectrometry (GCMS; Zaugg and others, 1995) and for 85 VOCs by using purge and trap capillary column GCMS (Conner and others, 1998) . Alkalinity and bicarbonate concentration were determined on-site by incremental titration of filtered sample water with sulfuric acid. Samples were examined for total coliform and Escherichia coli (E. coli) bacteria in the field by use of a membrane-filtration method (U.S. Environmental Protection Agency, 2002a).
Analyses of the stable isotopes of water ( 2 H and 18 O) were done at the USGS Stable Isotope Laboratory in Reston, Virginia. The 2 H analysis uses a hydrogen equilibration method (Coplen and others, 1991) , and the oxygen-18 analysis uses a carbon dioxide equilibration technique (Epstein and Mayeda, 1953) . Analytical uncertainties for delta deuterium (δD or δ 2 H) and delta oxygen-18 (δ 18 O)values are 2 and 0.2 per mil, respectively. The USGS Isotope Tracers Project Laboratory in Menlo Park, California analyzed eight samples for tritium using electrolytic enrichment and liquid scintillation (Thatcher and others, 1977) . The other four samples were analyzed by the University of Utah Department of Geology and Geophysics, Tritium and Noble Gases Laboratory in Salt Lake City Utah using the helium ingrowth method (Bayer and others, 1989) .
Quality Assurance
Quality control included submitting field-blank samples, replicate samples, and spiked samples for analysis with the ground-water samples. Additional quality control included analysis of laboratory surrogate recoveries for pesticides and VOCs in each ground-water sample. Because sampling was divided between Nevada and Utah field crews, quality control samples were split between the two crews. Quality-control samples for the 30 sites included 2 equipment blanks (analyzed for all constituents, 1 for each study unit); 3 field blanks for DOC, VOCs, and trace elements; and 2 field blanks for major ions, nutrients, and pesticides. Replicates included two sets for major ions, nutrients, radon, VOCs, and pesticides and three sets for DOC and trace elements. Spikes included two field-spiked pesticide samples and one lab-spiked VOC sample.
Field and equipment blanks showed that most constituents in ground-water samples were not contaminated by the sampling equipment, although VOC contamination likely occurred during sampling. Two VOCs (trichloromethane and toluene) were detected at concentrations less than the minimum reporting level in one of the field-blank samples. Toluene was detected at concentrations less than the reporting level in ground water sampled at eight sites and possibly is the result of sample vial contamination or emissions from the incomplete combustion of gasoline used to power the generator. Therefore, the occurrence of toluene in these groundwater samples probably is the result of contamination during sampling.
Toluene was measured at relatively large concentrations in all six of the ground-water samples collected using the 6-in. diameter submersible pump. Other VOCs were detected in water from five of these sites, mostly gasoline-related hydrocarbons. This probably is due to contamination of the drop pipe or the submersible pump as they were transported by truck between well sites. Measures were taken to wash the pipe on a regular basis, but the remoteness of some of the well sites made this difficult. The occurrence of fuel-related VOCs in the ground-water samples may be from the atmosphere or from the pumping equipment rather than the aquifer and caution should be used when interpreting these data.
A relatively large concentration of DOC was measured in one field-blank sample (16.7 mg/L), but DOC concentrations in all but one of the ground-water samples were less than 1.0 mg/L. Because most of the environmental samples had low concentrations, they are assumed to be uncontaminated on the basis of the field-blank data. Pesticides were not detected in any of the equipment-or field-blank samples.
The trace element lead was detected in one field-blank sample at a concentration in the range of those measured in the ground-water samples. Therefore, the ground-water data for lead may be biased. Aluminum was detected in a field-blank sample at a concentration much larger than those measured in the ground-water samples. Concentrations measured for aluminum in sample sites are assumed to be uncontaminated.
Sequential replicate ground-water samples give indication that laboratory and field methods are consistent. Concentrations from replicate samples were within 10 percent for all constituents except for dissolved nitrite plus nitrate expressed as N. The difference was small (0.05 mg/L) between the two nitrite plus nitrate values.
Spike solutions containing known concentrations of target compounds were added to replicate ground-water samples to determine analyte recovery in the sample matrix. Recovery of most of the target compounds was within 25 percent of the amount present in the unspiked sample plus the amount added in the spike solution. Recovery of the 47 spiked pesticide compounds ranged from 41 to 205 percent with a mean of 106 percent. Recovery of the 85 spiked VOCs ranged from 67 to 129 percent with a mean of 97 percent.
Ground-Water Quality
Some of the constituents analyzed as part of this study have drinking-water standards set by the USEPA (U.S. Environmental Protection Agency, 2002b). The maximum contaminant level (MCL) is the maximum concentration of a contaminant permissible in a public-water system. Secondary drinking water regulations (SDWR) are non-enforceable guidelines that generally are for constituents that can affect the aesthetic qualities of drinking water.
Results from the sampling of the 20 Nevada sites can be found in Stockton and others (2004, p. 586) , results from the 10 Utah sites can be found in Tibbetts and others (2004, p. 448) .
Occurrence of Inorganic and Organic Chemicals
The carbonate-rock aquifer in the eastern Great Basin is composed primarily of limestone and dolomite. Water chemistry in recharge areas and the upgradient portions of these aquifers is dominated by calcium, magnesium, and bicarbonate ions ( fig. 6 ). As water flows through the carbonate-rock aquifer the dominant geochemical processes that occur are dissolution, ion exchange, and precipitation of minerals; mixing of waters; and geothermal heating due to deep circulation (Thomas and others, 1997, p. C22) . These processes generally result in increased sodium, sulfate, and chloride concentrations in water from the downgradient parts of the carbonate-rock flow systems.
Total dissolved-solids (TDS) concentration in water sampled from the carbonate-rock aquifer ranged from 144 to 5,120 mg/L with a median value of 389 mg/L. The three largest TDS concentrations are for water discharging from springs in distal parts of regional flow systems. The three smallest concentrations are for water sampled from sites in or near recharge areas for the carbonate-rock aquifer.
Primary drinking-water standards were exceeded for several inorganic constituents in water from the carbonate-rock aquifer (U. S. Environmental Protection Agency, 2002b). The USEPA MCL was exceeded for concentrations of dissolved antimony (MCL is 6 µg/L) in 1 sample, arsenic (MCL is 10 µg/L) in 11 samples, and thallium (MCL is 2 µg/L) in one sample. Secondary drinking-water regulations were exceeded for several inorganic constituents in water samples. The USEPA SDWR was exceeded for concentrations of chloride (standard is 250 mg/L) in five samples, fluoride (standard is 2 mg/L) in two samples, iron (standard is 0.3 mg/L) in four samples, manganese (standard is 0.05 mg/L) in one sample, sulfate (standard is 250 mg/L) in three samples, and TDS (standard is 500 mg/L) in seven samples.
Radon activities in water from 28 sampled sites ranged from 30 to 1,720 pCi/L with a median value of 475 pCi/L. Activities exceeded the USEPA proposed MCL of 300 pCi/L in 75 percent (21 of 28) of the samples. Radon occurs naturally as a gas that is soluble in ground water and is released through radioactive decay from rocks containing uranium. Because of a short half-life of 3.8 days, radon generally is detected near its source. The three highest radon activities are from springs located in recharge areas of the carbonate-rock aquifer.
Values of pH varied from 6.4 to 8.8, but usually were between 7.2 and 7.5 with a median of 7.4. Dissolved-oxygen concentrations ranged from 0.2 to 8.0 mg/L with a median value of 2.6 mg/L. Specific conductance ranged from 290 to 9,030 µS/cm with a median value of 660 µS/cm. DOC ranged from less than the detection level (<0.3 mg/L) to 4.6 mg/L with a median estimated value of 0.3 mg/L. Dissolved nitrite plus nitrate was detected in about 87 percent of the samples (26 of 30) and concentrations as N ranged from an estimated 0.05 mg/L to 3.38 mg/L with a median value of 0.31 mg/L. The MCL for nitrate is 10 mg/L. Nitrate concentrations in the carbonate-rock aquifer generally are low because of the depth and subsequent isolation of the aquifer from the land surface. The two sites sampled with nitrate concentrations greater than 2 mg/L may have received water that has been affected by activities occurring at the land surface.
The 47 pesticides and selected pesticide metabolites (degradation products of pesticides) analyzed as part of this study are listed in appendix 1. Six different pesticides or metabolites were detected at very small concentrations in the water samples including atrazine, deethylatrazine (CIAT, a metabolite of atrazine), carbofuran, prometon, tebuthiuron, and terbacil. All of these compounds, except for carbofuran, are herbicides or are degraded from herbicides used to control vegetation. Carbofuran is an insecticide used in parts of the Great Basin to control grasshoppers. One or more of these compounds were found in water from only 4 of the 30 sites sampled with one site containing 4 compounds and the other 3 sites containing a single compound. CIAT was detected in water from two wells, whereas, the other pesticides were detected in one sample each. The 85 VOCs analyzed as part of this study are listed in the appendix. Eight of the 30 sites sampled contained a VOC other than toluene (toluene was not included in this analysis because of likely contamination). Water from one site had a trace concentration of tetrachloroethylene (PCE, used as a solvent) and water from another site had a trace amount of carbon disulfide (a naturally occurring compound). The other 6 sites contained one or more fuel-related compounds in addition to toluene. As was discussed in the Quality Assurance section of this report, the occurrence of fuel-related VOCs in the ground-water samples may be contamination from the atmosphere through the incomplete combustion of fuels or from the pumping equipment rather than from the aquifer. Because of the possibility of sample contamination, the occurrence of VOCs in the water samples collected from the carbonate-rock aquifer as part of this study may be positively biased. The lack of VOC detections in water sampled from most of the sites is evidence that VOCs are not common in the carbonate-rock aquifer.
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Effects of Hydrogeologic Factors on Water Quality
Carbonate-rock aquifer water quality varies to some extent based on which flow system, and the location within each flow system, that the water was sampled. Of the 17 flow systems within the carbonate-rock aquifer identified by Harrill and others (1988), 8 were sampled as part of this study. Six of the sampled flow systems have more than one sample site. This allows some comparison within the individual flow systems to examine the effects of hydrogeologic controls on ground-water flow and quality.
The Colorado flow system contains 10 sampled sites and, although the distribution is somewhat weighted towards the southern end of the system, there does appear to be a pattern to the water quality. Figure 7 shows a Piper plot of the water quality from sites sampled in the Colorado flow system. Ground-water flow within the system generally is from north to south with the major discharge area at the Muddy River springs area. The Muddy River springs area, which discharges about 36,000 acre-ft/yr, is located near Pederson Spring shown in figure 5 . Most of the sites in the upgradient northern and western portions of the flow system have calcium-magnesiumbicarbonate water. The sites in the southern part of the flow system are downgradient from the mountainous recharge areas and grade from calcium-bicarbonate water to calcium-sulfate water with an increase in chloride. Some portions of the carbonate-rock aquifer in the southeastern Great Basin contain interbedded evaporite deposits resulting in higher concentrations of sulfate, chloride, and sodium ions in the ground water (Dettinger and others, 1995, p. 45) . The change in water chemistry between sites MX-5 to CSV-2 to Pederson to Mirant to Blue Point probably is due to dissolution reactions with the aquifer material (possibly gypsum) as the water moves through the flow system and concentrations of sulfate and chloride increase. Other reactions that may be taking place are precipitation of calcite and evaporation along the flow path.
The Great Salt Lake Desert flow system contains five sampled sites distributed across the flow system. Groundwater flow generally is from the higher altitude mountain ranges in eastern Nevada towards the lower altitude Great Salt Lake Desert, a large area that serves as an evapotranspiration sink for the flow system. The water chemistry for the Great Salt Lake Desert flow system, as illustrated in figure 8, shows calcium-bicarbonate type water in wells near the recharge areas of the flow system (Trough, Gandy, and Wilkens Springs) and sodium-chloride type water at the regional discharge points (Fish and Blue Lake Springs). This change in water chemistry in the flow system likely is from the dissolution of salt and other minerals as the water moves to the regional discharge areas.
Water in the Great Salt Lake flow system in the northeastern part of the carbonate-rock province varies in water chemistry from a calcium-bicarbonate type from a well in the recharge area to a sodium-chloride type from a well near irrigated areas and the Great Salt Lake (fig. 6 ). The other five samples from sites near or in mountainous recharge areas have intermediate proportions of calcium-sodium and bicarbonatechloride ions that likely are dependent on reactions with the aquifer material and geothermal activity. None of the seven sites sampled in the Great Salt Lake flow system are believed to be located in the discharge part of the flow system and all may belong to separate subsystems.
The Great Basin is an area with considerable geothermal resources due to extensional tectonic processes and contains the largest number of geothermal power plants in the United States (Duffield and Sass, 2003, p. 12) . Typically, geothermal heating occurs where ground water circulates deep within elevated geothermal gradients along faults. Geothermal heating also can occur where ground water circulates to depths in excess of 25,000 ft in the carbonate-rock flow systems in the east and southern part of the state (Garside, 1994) .
Temperature of ground-water samples ranged from 12.2°C to 53.3°C with a median value of 26.0°C. Most of these temperatures exceed the annual mean air temperature for most valleys and likely are heated by deep circulation of ground water through the thick carbonate-rock sequence. Generally, water temperatures less than 20 o C were measured at sites in recharge areas within the Eureka heat flow low region (Garside, 1994) in the northeast portion of Nevada. This area is recognized as an area where regional recharge of cool ground water enters the deeper carbonate-rock aquifer (Plume and Carlton, 1988) . Temperatures greater than 20 o C were measured at sites in discharge areas of the regional flow system or near faults.
Deeply circulated ground water that obtains elevated temperatures generally has higher concentrations of dissolved solids because the solubility of many minerals in the aquifer, such as chloride and silica, is increased with temperature. Arsenic, boron, and lithium concentrations in geothermal water also increase due to leaching of the host rock. A poor correlation exists between water temperature and the concentration of these constituents in water sampled as part of this study ( fig.  9 ) indicating that geothermal heating is not the main cause for increases in concentrations of these elements, but that heating during the deep circulation of water may have some minor effects on concentration. Calculations of low (<250°C) reservoir temperatures using chemical solubility equations developed by Fournier (1981) and Kharaka and Mariner (1989) for geothermal systems indicate that maximum reservoir temperatures could not have been greater than 140°C and probably were less. These low reservoir temperatures indicate that deep circulation along relatively normal geothermal gradients is more important than heating in a geothermal reservoir. This is consistent with the evaluation made by Garside (1994) who suggested that the low-to moderate-temperature geothermal resources in east-central and southern Nevada are related to regional deep circulation of ground water in the fractured carbonate-rock aquifer, and not to high geothermal gradients. Garside (1994) also concluded that maximum reservoir temperatures were less than 100°C in these areas.
C A R B O N A T E P L U S B I C A R B O N
Arsenic values for water from the 30 sampled sites range from 0.7 to 45.7 µg/L, with a median value of 9.6 µg/L. The MCL for arsenic is 10 µg/L (U.S. Environmental Protection Agency, 2002b). Factors affecting arsenic concentration in the carbonate-rock aquifer, in addition to geothermal heating, are its natural occurrence in the aquifer material and time of travel along the flow path. Arsenic concentrations in water sampled from the 10 sites in the Colorado flow system range from 1.8 to 45.7 µg/L ( fig. 10 ) and 8 of the 10 samples exceeded the MCL. Generally, lower arsenic concentrations are in the northern part of the flow system closer to the recharge areas, although recharge does occur all along the flow system. Ground-water flow generally is towards the south and arsenic concentrations tend to increase in that flow direction.
Arsenic concentrations in other flow systems are relatively low, generally less than 10 µg/L. The exception is the one well sampled in the Humboldt flow system that reported an arsenic concentration of 20.3 µg/L. The ratio of chloride to bromide ions in water can be used to determine sources of chloride in the water. The chloride/bromide (Cl/Br) ratios for meteoric water generally are between 80 and 160 on the basis of chloride and bromide concentrations in shallow ground water recharged from precipitation (Davis and others, 1998) . Ninety rain samples collected from the Yucca Mountain area near the Death Valley flow system had a mean Cl/Br ratio of 74 (Fabryka-Martin and others, 1998) . Most of the ground water sampled from sites located in the recharge areas is within this range indicating that the water originated as precipitation that has undergone only evaporation or transpiration ( fig. 11) . Water from the Great Salt Lake flow system is an exception, with Cl/Br ratios ranging from 720 to 1,420, despite site locations near mountainous recharge areas.
Meteoric water that has undergone evaporation becomes concentrated in chloride and bromide (the Cl/Br ratio does not change) as the chloride concentration increases. The water sampled from Trough Spring had a relatively small Cl/Br ratio coupled with a relatively large chloride concentration ( fig. 11) for ground water in a recharge area. This indicates that water from Trough Spring has undergone some evaporation. The relatively large Cl/Br ratio in water from the recharge areas in the Great Salt Lake flow system (Saddleback well) along with a relatively small chloride concentration ( fig. 11) likely results from the site's proximity to the Great Salt Lake and the potential for airborne salts that end up in ground-water recharge to the aquifer.
Water that has a Cl/Br ratio that is much larger than that of meteoric water probably represents water that became enriched in chloride relative to bromide as it flowed through evaporite deposits after recharging the ground-water system. Cl/Br ratios indicative of halite dissolution generally are in the range of 1,000 to 10,000 (Davis and others, 1998) . Water from several sites in the discharge areas of the Colorado and Great Salt Lake Desert flow systems have large Cl/Br ratios coupled with large chloride concentrations ( fig. 11) .
The stable isotopes of water, 2 H and 18 O were used to help determine where water was recharged, mixtures of different sources of recharge water, and to identify water that has undergone evaporation. Isotopic ratios are expressed as δ Craig, 1961) . In general, precipitation falling on the Great Basin becomes progressively lighter in δ 2 H and δ
18
O from the southwest to the northeast (Friedman and others, 2002a) . Friedman and others (2002b) used stable isotopes to show that precipitation in the Great Basin near Winnemucca, Nevada, comes from one of three different air-mass trajectories that originated offshore of the United States from the northwest, over the Sierra Nevada, and from the tropical southwest. A fourth air-mass trajectory originating over land to the east of Winnemucca was derived from precipitation associated with thunderstorms from cumulonimbus clouds. Each air-mass trajectory has a relatively distinct isotopic signature that contributes to the ground-water composition within the carbonate-rock aquifer.
Water samples from 28 of the 30 sites were analyzed for stable isotopes (table 2). Values of δ 2 H and δ 18 O for most of the carbonate-rock aquifer samples plot to the right of the MWL, indicating the water has undergone a small amount of evaporation prior to recharging the aquifer (fig. 12 ). This probably occurs as the water is recharged, but evaporation could occur as the ground water is being discharged at springs. Two of the samples that plot far to the right of the MWL are from the Trough and Bothwell sites. Figure 5 shows that the Bothwell site is located near a large evapotranspiration area, but the Trough site is not. Smith and others (2002) showed that ground-water samples with δ 2 H values that are more than 10 per mil lighter (more negative) than local recharge values could have been derived from Pleistocene recharge events. However, ground water sampled from the Great Salt Lake Desert flow system is isotopically lighter than that of the Colorado flow system because of higher recharge altitudes and corresponding present day colder temperatures. Water sampled from an orifice at the Blue Lake springs area, a regional discharge point for the Great Salt Lake Desert flow system located on the border of Nevada and Utah, is isotopically lighter than other samples collected from the flow system. Water-budget calculations indicate that water discharging at this location is derived from precipitation occurring on mountain ranges to the west in Nevada (Gates and Kruer, 1981, p. 18; Nichols, 2000, p. C34) and not derived from Pleistocene recharge events. The isotopic ratio for water from a spring at the Fish Springs area, another regional discharge point in the Great Salt Lake Desert flow system, is much heavier than Blue Lake springs and probably represents water from a warmer recharge area.
Values of δ
2 H and δ
18
O are considered to be conservative and can be used as tracers to determine different water sources. On a linear plot of δ 2 H and δ
O, the isotopic ratio of mixtures with different proportions of two water sources lie on a straight line between the δ 2 H and δ 18 O values of the sources. This is because of the additive relation between the isotopic ratios of the mixing and evolutionary waters. Isotopic ratios for water from the northern part of the Colorado flow system are clustered in a group with δ 2 H values between -110 and -105 per mil, whereas values for water from the southern part of the flow system are spread out over a larger range from about -100 to -90 per mil. Thomas and others (1997, p. C36) determined from many more δ 2 H values for water collected from the Colorado flow system that water discharging from the Muddy River springs area is represented by the water from several areas not necessarily adjacent to the spring. These data were collected from shallow alluvial wells and local springs as well as deeper wells. This means that flow system dynamics are very complex and not a lot of inference about sample source waters can be derived from the limited sampling done for this study.
Tritium ( Linear regression of existing data Global meteoric water line (Craig, 1961) Figure 12. Relation between delta deuterium and delta oxygen-18 for water sampled from the carbonate-rock aquifer. Thomas and others (1997) and 2 Gates and Kruer (1981); modern, most of water was recharged during or after the 1950s; pre-bomb, most of water was recharged before the 1950s; mixture, mixture of modern and pre-bomb water; -, not applicable; >, greater than; <, less than; e, estimated] , introduced large amounts of tritium to the atmosphere, causing concentrations in precipitation to peak in the early 1960s at more than 1,000 TU throughout the northern hemisphere. Tritium concentrations in water recharged to the aquifer prior to thermonuclear testing (pre-bomb), assuming no mixing with other sources of younger water, would have decayed to less than 0.5 TU by 2002. Water recharged during and after the bomb-testing period is called modern water. Water with small amounts of tritium (but greater than 0.5 TU) and contaminants originating at the land surface were considered a mixture of pre-bomb and modern water (table 2) . Tritium was analyzed for in 12 of the 30 water samples (table 2) , mostly from sites in or near recharge areas, to determine if there is any modern component in the ground water. Although water in the carbonate-rock aquifer is interpreted to be several thousand years old near the regional discharge points, the presence of tritium in samples collected in and near recharge areas can provide an indication of water movement from the land surface since the 1950s. Tritium concentrations were greater than 15 pCi/L in 4 of the 12 water samples indicating that at least a component of the water from these sites was recharged after 1952. The sites with appreciable tritium are in or near local recharge areas so water may reach the aquifer through fractures or through poorly sealed well casings. Thomas and others (1997) used geochemical and isotopic data to determine ground-water flow paths and flow velocities in the major carbonate-rock flow systems in southern Nevada. The average age of water determined from carbon-14 analysis by Thomas and others (1997, p. C57) for water discharging from the Ash Meadows springs area (includes Rodgers Spring; fig. 5 ) is more than 4,000 years old and the average age of water discharging at the Muddy River springs area (includes Pederson Spring; fig. 5 ) is about 6,100 years old. The Ash Meadows and Muddy River springs are considered to be primary discharge points for the Death Valley and Colorado flow systems, respectively. An average adjusted carbon-14 age for Crystal Spring ( fig. 5 ) and Ash Spring in the middle part of the Colorado flow system was calculated to be 8,500 years before present (Thomas and others, 1997, p. C57) . Ground water discharging from the Fish Springs ( fig. 5 ) complex in western Utah was thought to be recharged about 9,000 to 14,000 years ago on the basis of carbon-14 analyses (Gates and Kruer, 1981) .
Sampled site name
Although estimated ground-water ages based on isotopic data are not available for all of the sample sites, a correlation exists between water that is thousands of years old in the discharge areas and the presence of measurable tritium in water from many sites in or near recharge areas. Additional data, such as carbon-14 analyses, are needed to date the water samples that have less than 0.5 TU tritium units but are near recharge areas. Figure 13 shows the land-use pattern overlying the carbonate-rock aquifer in the eastern Great Basin. The primary land use is rangeland accounting for about 63 percent of the total land use. The next two largest land-use categories are forest at about 23 percent and barren land at about 6 percent of the total land use. These three categories account for about 92 percent of the total land use in the carbonate-rock province. Urban and commercial activities account for less than 1 percent of the land-use activities in the study area.
Effects of Environmental Factors on Water Quality
The types of land use (or cover) around each sampled site was determined within a 0.25 mi radius to see if any relations between land use and water quality were present. Of the 30 sites, 22 (73 percent) lie within the rangeland classification; 3 sites (10 percent) lie within the barren land classification; and the remaining 5 sites fell within other land-use classifications that are listed in table 2. Land-use patterns at the sampling sites are very similar to the overall land-use pattern in the carbonate-rock aquifer region as a whole.
Anthropogenic (human related) compounds, such as VOCs, pesticides, and elevated levels of nitrate, can occur at the land surface in urban, industrial, and agricultural areas. The majority of the land use in the carbonate-rock aquifer area (rangeland and forest) typically would not contribute these anthropogenic compounds to water in the aquifer. Most of the chemical analyses, especially for VOCs and nutrients, indicate little if any effect of overlying land-use on ground-water quality. The water quality in recharge areas where human activities are more intense may be affected by urban and/or agricultural land uses as evidenced by pesticide detections. The Santaquin site (Great Salt Lake flow system) is located in a gravel pit surrounded by orchards and had four herbicides detected in its water sample (table 2). The Bothwell site, located near an agricultural area, also had an herbicide degradate detected in its water sample, the highest nitrate concentration (3.38 mg/L) of samples collected for this study, and water that has undergone evaporation on the basis of stable-isotope data. Carbofuran was detected in water sampled from the Blue Lake site (table 2) despite its being a regional discharge point for the Great Salt Lake Desert flow system. This insecticide is used to control grasshoppers on public rangeland and some local recharge may have occurred near the spring and application of this pesticide may have occurred in the spring area.
Another indicator of activities occurring at the land surface affecting ground-water quality is the occurrence of certain types of bacteria in the water. Coliform bacteria are commonly found in the environment and are associated with vegetation, soil, and animals. Because bacteria tend to die off quickly once hospitable environments are removed, the presence of bacteria tends to indicate recent recharge. Total coliform bacteria were detected in water sampled from 6 of the 30 sites (table 2). All of the sites with measurable total coliform bacteria were springs located in recharge areas, with the exception of Pederson Spring, which is part of the major discharge area for the Colorado flow system. Water from Pederson Spring also contained the largest concentration of DOC (4.6 mg/L), which may be indicative of decomposing organic matter in the spring area. Escherichia coli (E. coli) are a type of coliform bacteria whose presence indicates recent fecal contamination from warm-blooded animals. E. coli bacteria were detected in water sampled from 4 of the 6 sites where total coliform bacteria were detected. Water sampled from Trough Spring contained coliform bacteria, had an elevated nitrate concentration (2.85 mg/L) relative to other ground-water samples collected from the carbonate-rock aquifer, and had undergone evaporation on the basis of stable-isotope data. Although this site is in a mixed rangeland area and does not have any age data available, it likely has received at least part of its water recently from nearby areas where livestock are present.
The proximity of the carbonate-rock aquifer at these sites to the land surface and the potential for local recharge to occur through the fractured rock likely results in the occurrence of these and other land-surface related contaminants in the ground water. Water from sites sampled near outcrops of carbonate-rock aquifer likely has a much shorter residence time resulting in a potential for detection of anthropogenic or landsurface related compounds. Sites located in discharge areas of the flow systems, or that are completed at a great depth below the land surface, generally show no effects of land-use activities on water quality. Flow times within the carbonate-rock aquifer, away from recharge areas, are on the order of hundreds to thousands of years, so any contaminants introduced at the land surface probably have not reached the sampled sites. Anthropogenic compounds may also be introduced at the well as a result of poor well construction or completion.
Future changes in land-use may affect ground-water quality. Although population density within the carbonaterock province is low, the potential for increased urban use exists with two of the fastest growing metropolitan areas in the west (Las Vegas and Salt Lake City) located within or near the province's borders. For State fiscal year (July 1 to June 30) 2001 to 2002, assessed value of rural land in Nevada decreased 0.93 percent, whereas assessed value of urban land increased 8.31 percent. The implication is that rural land is being converted to urban land use. As more rural land becomes converted to urban and industrial uses, the current water quality of the carbonate-rock aquifer may change. If large-scale withdrawals from the carbonate-rock aquifer occur in the future, some monitoring of water quality would be useful to determine if changes are occurring.
Historical Changes in Water Quality
Although several of the sites sampled as part of this study have some historical water-quality data available, it is generally not possible to determine if water quality has changed over a span of time longer than a few decades. One site, however, that had 13 water-quality analyses spanning 1962 to 2003 is Army Well #1 located at the southern edge of the NTS (fig. 5) . The well has been used for many years as a production well for the NTS. Table 3 lists selected constituents measured in water sampled from Army Well #1 including major ions, temperature, dissolved solids, and stable isotopes, but not all sample dates have all constituents. The data indicate that most all of the constituents measured are fairly consistent over the 41 years of record. This site is located between recharge and discharge areas in the Death Valley flow system and therefore, should not be expected to have undergone changes in water quality during this timeframe.
More water-quality monitoring is needed at sites located in recharge areas, sites in areas with changing land uses, and sites where ground-water withdrawals are expected to increase in the future to determine the susceptibility of the carbonaterock aquifer to these factors. Additional age dating of ground water would help guide the selection of sites where monitoring is needed.
Summary
The carbonate-rock aquifer of the Great Basin is named for the thick sequence of Paleozoic limestone and dolomite with lesser amounts of shale, sandstone, and quartzite. It lies primarily in the eastern half of the Great Basin and includes areas of eastern Nevada and western Utah as well as the Death Valley area of California and small parts of Arizona and Idaho. The carbonate-rock aquifer is contained within the Basin and Range principal aquifers, one of 16 principal aquifers selected for study by the USGS NAWQA Program.
Recharge to a carbonate-rock aquifer occurs mostly in the surrounding mountain ranges originating primarily as snow melt at high altitudes. Water recharging the carbonate rocks in the mountains may travel through or beneath several basins and ranges before reaching a discharge area.
Water samples from 30 sites (20 in Nevada and 10 in Utah) were collected in the summer of 2003 and analyzed for major anions and cations, nutrients, trace elements, dissolved organic carbon, volatile organic compounds, pesticides, radon, and limited microbiology. Water samples from selected sites also were analyzed for the isotopes, oxygen-18, deuterium, and tritium to determine recharge sources and the occurrence of water recharged since the early 1950s.
Primary drinking-water standards were exceeded for several inorganic constituents in water from the carbonaterock aquifer. The maximum contaminant level was exceeded for concentrations of dissolved antimony (6 µg/L) in one sample, arsenic (10 µg/L) in 11 samples, and thallium (2 µg/L) in one sample. Secondary drinking-water regulations were exceeded for several inorganic constituents in water samples: Figure 13 . Land-use patterns, evapotranspiration areas, and sample sites, in the carbonate-rock aquifer. 45.7 µg/L, with a median value of 9.6 µg/L. Factors affecting arsenic concentration in the carbonate-rock aquifer, in addition to geothermal heating, are its natural occurrence in the aquifer material and time of travel along the flow path. Six different pesticides or metabolites were detected at very small concentrations in the water samples. The lack of volatile organic compound detections in water sampled from most of the sites is evidence that volatile organic compounds are not common in the carbonate-rock aquifer.
Water samples from 28 of the 30 sites were analyzed for stable isotopes. Values of δ 2 H and δ 18 O for most of the carbonate-rock aquifer samples plot to the right of the MWL, indicating the water has undergone a small amount of evaporation prior to recharging the aquifer. Tritium was analyzed for 12 of the 30 samples, mostly from sites in or near recharge areas, to determine if there is any modern component in the ground water. Tritium concentrations were greater than 15 pCi/L in 4 of the 12 water samples indicating that at least a component of the water from these sites was recharged after 1952.
Most of the chemical analyses, especially for volatile organic compounds and nutrients, indicate little if any effect of overlying land-use on ground-water quality. Water quality in recharge areas for the aquifer where human activities are more intense may be affected by urban and/or agricultural land uses as evidenced by pesticide detections. The proximity of the carbonate-rock aquifer at these sites to the land surface and the potential for local recharge through the fractured rock likely results in the occurrence of these and other land-surface related contaminants in the ground water. Water from sites sampled near outcrops of carbonate-rock aquifer likely has a much shorter residence time resulting in a potential for detection of anthropogenic or land-surface related compounds. Springs located in discharge areas of the flow systems, or wells that are completed at a great depth below the land surface, generally show no effects of land-use activities on water quality. Flow times within the carbonate-rock aquifer, away from recharge areas, are on the order of hundreds to thousands of years, so any contaminants introduced at the land surface probably have not reached the sampled sites. 
